, and increased attenuation and reduced velocities of the seismic waves in the upper to middle crust [Reasenberg et al., 1980; Young and Ward, 1980] are interpreted as indicating the existence of a long-lived magmatic system beneath the Coso area. This magmatic system is thought to be a primary heat source for the Coso geothermal field [Smith and Shaw, 1975; Duffield et al., 1980] . Geothermal resources in the Coso area are actively exploited. Owned by the U.S. Navy, the Coso geothermal plant is the second largest in the United States with an annual energy output of 300 MW. Geothermal recovery began in 1987, resulting in more than 200 development wells [Wohletz and Heiken, 1992] . Production involves reinjecting the extracted geothermal fluids back into the underground reservoir and is associated with intense microseismicity [Feng and Lees, 1998 ].
The microearthquakes are presumably induced by pressure perturbations due to fluid circulation within the geothermal system [Pearson, 1981; Fehler, 1989; Feng and Lees, 1998 ], although particular relationships between seismicity and plant operation are poorly understood. Because the Coso geothermal plant is located in a tectonically active area, separation of microse. ismicity induced by the geothermal production from the "background" seismicity due to tectonic stresses is a difficult task. The Coso region is one of the most seismically active areas in southern California [Walter and Weaver, 1980; Hauksson et al., 1995] . More than 7000 earthquakes with body wave magnitudes mb from 0 to 5+ have been recorded in the region from 1980 to 1998 by the Southern California Seismic Network operated by the Caliornia Institute of Technology and the U.S. Geological Survey. Most earthquakes occur at depths of 1 to 8 km in a zone striking approximately north to south [Walter and Weaver, 1980; Roquemore, 1980] . Focal mechanisms indicate NNE normal, NW right-lateral, and NE left-lateral faulting, consistent with active westeast extension in the area. As we shall demonstrate in sections 3 and 4, surface deformation measured by In-SAR may be used to delineate the areas affected by stress perturbations due to geothermal production and to help to understand possible causative links between the geothermal plant operation and observed seismic activity.
Data Processing
We use radar images acquired by the European Space Agency satellites, ERS-1 and-2, between July 1993 and July 1998. The synthetic aperture radar (SAR) images produced by the ERS satellites consist of an amplitude and phase of a backscattered radar signal at a wavelength of 5.6 cm. A difference in radar phase between two subsequent SAR acquisitions (i.e., an interferogram) may be used to detect a relative motion between the satellite and the Earth's surface during the time interval between the data collection. (For an introduction to the InSAR method, see Gabriel et al. [1989] , Coldstein et al. [1993] , and Massonnet and Feigl [1998] .)
The Coso area is well-suited for study using InSAR because it is located in an arid semidesert environment with little or no vegetation, so that the surface reflectivity is sufficiently high, and the reflectivity pattern does not significantly change with time. Inspection of the ERS data indicates that the radar scenes in the area maintain correlation over time intervals as long as 6 years (i.e., for a total period of observations between 1993 and 1999). The geographic location of the radar scene used in this study and the radar acquisition dates are shown in Figures I and 2 .
The raw ERS data were processed using the Jet Propulsion Laboratory (JPL)/Caltech software package ROI_PAC. Both "two-pass" and "four-pass" interferometric techniques were employed in our analysis. In the two-pass method, effects of the topography on interferometric fringes are removed using a digital elevation model (DEM) [Zebker and Goldstein, 1986] . Because the topography variations in the Coso area are substantial, with elevation changes of more than I km, a good DEM model is essential for the two-pass data processing. We concatenated a digital elevation model for the Coso area from 81 USGS 7.5 min digital elevation maps (see Figure 3 ). In the four-pass method, topographic effects are removed using an additional shortterm interferometric pair [Gabriel et al., 1989; Goldstein et aL, 1993] . In our four-pass data processing topographic corrections are made using two InSAR pairs acquired in a "tandem mode" on October 13-14, 1995, and May 10-11, 1996, respectively. We find that both two-pass and four-pass techniques give rise to essentially similar results, which implies that the digital elevation model used is sufficiently accurate. This conclusion is confirmed by the absence of any topography-correlated fringes on a short-term InSAR pair May 10-11, 1996 (see Figure 2 ) processed using a two-pass technique. [Mogi, 1958] and finite prolate spheroidal sources [Yang et al., 1988] . Results of our simulations are summarized in Table 1 . Table I (1) where M is the model parameters' vector having length ra, n is the number of data points, y is the data vector, f is the model prediction at a given point xi• and cri(i = 1, n) are individual standard deviations of or data weights. Unfortunately, uncertainties in the radar line of sight displacement measurements (essentially cri) cannot be readily estimated. Therefore in our calculations we used cri=const=cr. A particular value of cr was chosen such that the mean square misfit is of the order of unity for the best fitting model; this gives rise to cr -,• 0.3 cm (see Table 1 ). These values of cr are of the same order as the amplitude of highfrequency noise present in most of the interferograms (see Plates 2d and 3d), presumably due to atmospheric effects. This correspondence is consistent with a large fraction of the InSAR measurement errors being due to variations in the atmospheric conditions. 
Modeling and interpretation
The simplest model relating ground surface deformations to volume changes at depth is an isotropic point pressure source in a uniform elastic half-space [Mogi, 1958] W-E distance, km The depth of 3 km inferred for the source 3 in the result of our inversion may in fact be an upper limit, because deformation similar to that due to a prolate spheroid can be also produced by a horizontal oblate (i.e., cracklike) deformation source located at a shallower depth Table 2 ). To further test this temporal variability in the geometry of the subsurface geothermal reservoir, we performed a series of inversions in which the spheroid shapes and positions were assumed to be constant in time but the excess source pressures were allowed to vary. These simulations gave rise to a somewhat poorer fit to the data than individual inversions shown in Plates 2 and 3. However, we point out that the inherent nonuniqueness of the inversions, uncertainties in the data, and idealizations implicit in our forward 
